Mining of seafloor massive sulfides (SMS) is imminent, but the ecology of assemblages at SMS deposits is poorly known. Proposed conservation strategies include protected areas to preserve biodiversity at risk from mining impacts. Determining site suitability requires biological characterisation of the mine site and protected area(s). Video survey of a proposed mine site and protected area off New Zealand revealed unique megafaunal assemblages at the mine site. Significant relationships were identified between assemblage structure and environmental conditions, including hydrothermal features. Unique assemblages occurred at both active and inactive chimneys and are particularly at risk from mining-related impacts. The occurrence of unique assemblages at the mine site suggests that the proposed protected area is insufficient alone and should instead form part of a network. These results provide support for including hydrothermally active and inactive features within networks of protected areas and emphasise the need for quantitative survey data of proposed sites.
Introduction
Increasing anthropogenic pressure on terrestrial, fresh-water and marine ecosystems has resulted in the need for improved conservation measures, including the provision of suitable protected areas (Linke et al., 2011; Geldmann et al., 2013) . This need is reflected in the Convention on Biological Diversity (CBD) which calls for signatory countries to conserve 17% of terrestrial and inland water, and 10% of coastal and marine areas by 2020 through "ecologically representative and well connected systems of protected areas and other effective area-based conservation measures" (United Nations Environment Programme, 2011). However, established protected areas globally only cover approximately 13% of terrestrial and 3% of marine habitats (Watson et al., 2014) . The majority of marine protected areas have been established in coastal areas and provide benefits such as preserving species and habitats, acting as controls to study fishing effects and as source sites for genetic diversity and recruitment to neighbouring fisheries (Costello, 2014; Green et al., 2014) . However, there is also a need to establish protected areas in the deep sea, which is exposed to anthropogenic pressures including disposal of rubbish, dumping of chemical and radioactive waste, extraction of oil and gas, and other extractive activities such as fishing and deep-sea mining (RamirezLlodra et al., 2011) .
One of the deep-sea resources to be mined is seafloor massive sulfides (SMS), with exploitation expected to occur in the southwest Pacific before 2020 (Baker and Beaudoin, 2013) . SMS deposits form through hydrothermal activity. Hot acidic water filters up through the seabed and, as it cools, releases dissolved minerals that can accumulate to form chimney and mound structures on the seafloor. There are 165 recorded SMS deposits worldwide , existing across a range of tectonic environments . These deposits are rich in base metals, such as iron, copper, zinc and lead (Krasnov et al., 1995) , which often occur at a mineral grade comparable to deposits on land .
Five contracts for SMS exploration have been issued by the International Seabed Authority in international waters on the South West Indian Ridge, Central Indian Ridge and the Mid Atlantic Ridge (https://www.isa.org.jm/deep-seabed-minerals-contractors?qt-co ntractors_tabs_alt¼1). In the Western Pacific, Neptune Minerals Inc. holds tenements in the Exclusive Economic Zones of seven countries e Japan, Papua New Guinea, Solomon Islands, Vanuatu, Fiji, Tonga and New Zealand. These tenements cover approximately 175 000 km 2 of prospecting licence applications and granted prospecting licences (http://www.neptuneminerals.com/ourbusiness/tenements/).
Alongside their mineral wealth, SMS deposits also provide a variety of benthic habitats that support different biological communities. These habitats include hydrothermally active areas, often with chimneys and vents; hydrothermally inactive areas with relict chimney structures; and non-hydrothermal hard substrata such as lava flows and bedrock. Active areas support a hydrothermal vent community that is reliant on hydrothermal activity to survive and cannot exist away from active vents (Van Dover, 2000) . Vent communities typically have a small number of species that occur in large numbers (Grassle, 1985) , with rapid growth rates of individuals enabling them to mature quickly and colonise new vent habitat (Lutz et al., 1994) . Both inactive SMS areas and nonhydrothermal hard substrata are colonised by a peripheral community, typically consisting of background species that occur on hard substrata elsewhere within the deep sea (Galkin, 1997; Collins et al., 2012) . This fauna can develop large populations in close proximity to active vents by utilising the additional food sources, such as bacterial mat dislodged from the vents (Erickson et al., 2009) . It has also been suggested that a third community, one consisting of specialised fauna adapted to the weathered sulfide environment, may exist at inactive SMS deposits (Van Dover, 2011) . However, there are a limited number of studies of inactive SMS deposits and only one has identified faunal assemblages that appear to be unique to inactive SMS areas (Boschen et al., 2015) .
All communities inhabiting SMS deposits and the surrounding seabed are potentially at risk from mining activities. Although vent communities undergo natural habitat loss through changes in hydrothermal or volcanic activity (Lutz et al., 1994; Tunnicliffe et al., 1997) , perturbation from mining could be an additional stressor, introducing the problem of cumulative negative impacts (Van Dover, 2011) . SMS mining is expected to remove the majority of fauna from the immediate area (Van Dover, 2011 , with additional impacts, such as habitat removal, altered hydrothermal flow and smothering with suspended sediment (Coffey Natural Systems, 2008; Van Dover, 2011; Boschen et al., 2013; Van Dover, 2014) . Many vent species are endemic to a particular region, and so habitat loss poses a serious risk to the persistence of certain vent fauna. The fauna found in the peripheral and inactive communities is typically composed of sessile, slow-growing suspension feeders (Galkin, 1997; Collins et al., 2012; Boschen et al., 2015) and may take decades to recover from disturbance, if they are able to recover at all (Van Dover, 2011; Boschen et al., 2013) .
Within the New Zealand region, SMS deposits occur in the northern section of the New Zealand Exclusive Economic Zone (EEZ). These deposits are rich in silver and gold (de Ronde et al., 2011) and prospecting licences were issued for multiple areas along the Kermadec Volcanic Arc to Neptune Minerals Inc. in 2002 (https://permits.nzpam.govt.nz/aca/). Hydrothermal communities along the Kermadec Volcanic Arc include species endemic to the region, such as the vent mussels Gigantidas gladius and Vulcanidas insolatus (Von Marshall, 2003, 2010) and the vent shrimps Alvinocaris alexander and Lebbeus wera (Ahyong, 2009 ).
There is also preliminary evidence for unique assemblages of fauna that occur in regions of inactive SMS deposits (Boschen et al., 2015) . However, the large video samples (200 m length) used by Boschen et al. (2015) may not have adequately accommodated the patchiness of SMS deposits, complicating the attempt to establish clear linkages between unique assemblages and inactive SMS habitat.
One of the proposed mitigation strategies for SMS mining is to preserve at-risk habitats and communities through the provision of protected areas, which is a well-established concept in both terrestrial and marine conservation Botrill, 2009, Partnership for Interdisciplinary Studies of Coastal Oceans (2007) ). In waters beyond national jurisdiction, protected areas include "preservation reference zones", defined as "areas in which no mining shall occur to ensure representative and stable biota of the seabed in order to assess any changes in the biodiversity of the marine environment" (International Seabed Authority, 2010). Such areas, also known as "set-aside sites" and "Reference Sites", should have similar physical and biological characteristics to the mine site and should be located so as not to be impacted by mining activities (Coffey Natural Systems, 2008; Collins et al., 2013) . These sorts of recommendations are sound in principle but have had limited field testing to date, with only one previous study on the practical applications of Reference Sites for SMS mining (Collins et al., 2012) .
As part of an initial survey of the Kermadec Volcanic Arc SMS deposits, Neptune Minerals Inc. identified a potential mine site, termed "Proteus 1", and a Reference Site on Rumble II West Seamount (Fig. 1) . The survey report suggested there could be differences between the seabed communities at these sites, however this was based on limited shipboard real-time observations (Beaumont and Rowden, 2011) . The key objective of the present study was to determine the structure of megafaunal assemblages at both sites, their linkages with environmental variables and ultimately to assess whether the Reference Site would be a suitable protected area for the proposed mine site of Proteus 1. An additional aim was to investigate the possible existence of assemblages unique to inactive SMS areas and if they exist, to evaluate the 
Materials and methods

Study area
Two sites were targeted for survey; a previously identified SMS deposit, Proteus 1, and a Reference Site. Both sites are located on the north-eastern flank of Rumble II West Seamount on the Kermadec Volcanic Arc (Fig. 1) . The deposit was selected for its commercial interest, with a ship-based multibeam survey by Neptune Minerals Inc. identifying numerous hydrothermal chimney structures, indicative of SMS areas. At the time of the survey, Rumble II West Seamount was considered to contain relict SMS deposits, with no active hydrothermal areas. The Reference Site, covering a similar area, was selected to be similar to the deposit in terms of depth and topography based on preliminary visual interpretation of the multibeam-derived bathymetry at sea. The SMS deposit and Reference Site are 200 m apart to limit the potential effect of faunal changes with geographic distance.
Image data collection and analysis
Photographic transect data (predominantly video footage) were collected during an industry survey by Neptune Minerals Inc. aboard RV Dorado Discovery between 1st March and 11th May 2011 (Beaumont and Rowden, 2011) . Imagery was obtained using the Remotely Operated Vehicle (ROV) Zeus II, operated by Odyssey Marine Exploration. The ROV was equipped with a high definition video camera and a stills camera, although as the latter was only operational for the first four dives, analyses were conducted solely using video footage. The video camera had a pan and tilt mechanism and an adjustable lighting system, but there was no laser scale available for any of the imagery. The ROV was piloted to fly approximately 1e6 m above the seabed for the video survey with frequent stops for geological sample collection. A total of six dives was completed over Proteus 1 and the Reference Site.
For analysis of the video, ROV tracks were divided into 15 m long segments (using ArcMap 10.3) to enable fine-scale spatial resolution of faunal distribution data. A range of video segment lengths was trialled (10, 15, 20 and 25 m) to determine the segment length that achieved the best compromise between obtaining high spatial resolution and retaining informative assemblage structure data. Visual assessment of MDS plots (see Data analysis section) from each spatial scale confirmed 15 m to be the most appropriate segment length (data not shown). On occasion, ROV tracks overlapped both within and between dives, resulting in the potential for duplicate faunal records. To address this problem in areas of high overlap, observations from different dives were combined and 'new' tracks were created following the original tracks as closely as possible. This procedure allowed for a greater number of 15 m segments to be incorporated into the analysis whilst removing the issue of duplicate observational records at the same position.
The video segments were analysed using Ocean Floor Observation Protocol (OFOP) software (version 3.3.5, Scientific Abyss Mapping Services, http://www.ofop-by-sams.eu/). Synchronising video footage and navigation files through OFOP enables users to generate automatically geo-referenced faunal observation files during footage playback. All megafauna were identified to the highest taxonomic resolution possible, based on the list of putative taxa used by Boschen et al. (2015) . Some fauna could be confidently identified to species level but the majority could only be identified to family level or higher. The faunal records obtained from video analysis were in the form of count data, which due to 1) changes in ROV altitude along transects, 2) the lack of laser scaling, and 3) the continuous nature of recording observations in OFOP, could not be translated to true abundance. Instead, the frequency of observations was used to give an indication of relative abundance. The faunal observations from OFOP files were plotted in ArcMap 10.3, and all observations that occurred along each 15 m segment were extracted. Only those sections of video transect where the seabed could be seen clearly were used for analysis, i.e. all sections where the seabed was obscured (due to poor lighting, suspended sediment or high altitude) were not used.
Environmental data
Substratum type was identified from the video by geologists during the ROV survey. A hierarchical classification was then applied to these records (Table 1) to include information on substratum morphology/size class and potential hydrothermal influence, and to make records consistent between dives. The reclassified substratum observations were plotted in ArcMap 10.3 and extracted along the 15 m segments used for faunal analysis. Position files used for the dive tracks (and 15 m segments) were smoothed and splined to remove spikes in position data, whereas substratum observations made by ship-board geologists had positions relating to the raw track files. This situation meant substratum observations did not always fall directly along the 15 m segments, so a 2 m radius was used to extract the substratum observations relating to each 15 m segment. Dead coral and dead vent mussel shell records were made from analysing the footage in OFOP in the form of semi-continuous count data, providing an indication of the relative abundance of the remains of these taxa as biogenic substrata.
Position information was obtained from the ROV navigation file. Additional environmental data e depth, as well as topographic variables such as rugosity, aspect, slope and curvature e were extracted from the multibeam data that were collected using an ROV-mounted Reson SeaBat 7125 200 KHz multibeam echosounder and processed using Reson PDS2000 V3.6.0.16 software. Three measures of seabed curvature (curvature, plan curvature, profile curvature) were used as each provides different information on the relative shape of terrain features. The 'profile curvature' of a surface affects the acceleration and deceleration of flow, 'plan curvature' affects the convergence and divergence of flow, whilst 'curvature' is calculated as a combination of the two separate measures. By considering the measures of curvature separately it is possible to gain a greater insight into the flow across a surface (Kimmerling et al., 2011) . Processed data were gridded to 1 m cell size resolution and exported to ESRI grid formats for use in ArcGIS. Backscatter data, used to compare the relative hardness of substrata, were collected at 25 m resolution using the ship-mounted Reson SeaBat 8160 50 KHz multibeam echo-sounder. The mean and standard deviation for each of the multibeam-derived variables at both spatial scales were calculated for each 15 m video segment. These measures were achieved by splitting the 15 m segments into points with 0.15 m spacing along each track, and adding the grid cell value of all relevant layers as an attribute to the point layer. The mean and standard deviation for each relevant attribute value were then calculated for all points of one segment. Means and standard deviations were calculated at different grid sizes. For the ROVmounted multibeam-derived variables, curvature, plan curvature and profile curvature were only available at native resolution (1 m grid size). Depth and slope were available at 1 m and grid focal means of 3, 5, 7 and 15 (i.e., 3 Â 3, 5 Â 5, 7 Â 7 and 15 Â 15 grid cells of the original 1 m grids). Rugosity could only be calculated at grid focal means of 3 and 5. The ship-mounted multibeam-derived measure of backscatter was only calculated at 25 m grid size. Calculating the means and standard deviations at multiple grid sizes enabled the environmental influences on assemblage structure to be investigated at the most appropriate spatial scale. Aspect was ultimately transformed into "northness" and "eastness" using the cosine and sine respectively of the aspect values.
Data analysis
The faunal distribution data from the video samples were analysed using multivariate routines in the statistical software package PRIMER 6 (Clarke and Gorley, 2006) with PERMANOVAþ (Anderson et al., 2008) . Prior to analysis, count data were transformed. After trialling a range of transformations, square root was used, as it down-weighted the effect of abundant fauna sufficiently for the signal from rarer taxa to be observed, whilst still enabling the relative differences in abundance of taxa to influence the patterns in assemblage structure. The 15 m length of video samples meant there were some samples with no fauna observed; 26 of the 116 segments at Proteus 1 (22%) and five of the 37 segments at the Reference Site (14%) were characterised by megafaunal absence. To deal with this issue statistically, a 'dummy variable' of n ¼ 1 was introduced, enabling a zero-adjusted BrayeCurtis resemblance matrix to be created from the transformed data . Hierarchical Cluster Analysis (CLUSTER) was performed on the resemblance matrix with a SIMPROF test (at p ¼ 0.05) to determine sample group structure in the faunal data, i.e. to identify 'assemblages'. Non-metric Multidimensional Scaling (MDS) plots were produced to visualise patterns in the grouping of samples associated with site and SIMPROF assemblage group. The spatial distributions of assemblages were mapped, using ArcMap 10.3, over digital terrain models generated from multibeam data. The Similarity Percentages (SIMPER) routine was used on transformed data to identify the taxa characterising each SIMPROF assemblage group (with a 99.9% cumulative cut-off).
The spatial variability in the assemblage structure between sites was described using permutational multivariate analysis of variance (PERMANOVA). Prior to PERMANOVA, the potential effect of multivariate dispersion was assessed using a distance-based test for homogeneity of multivariate dispersions (PERMDISP), with 999 permutations. Deviations from centroid was chosen as the method giving the best overall results in terms of Type I error and power (Anderson, 2006) . Because PERMDISP analyses did not reveal any significant dispersion for the factor 'Site'
The effect of Site on assemblage structure was assessed using PERMANOVA, with Type III (partial) sums of squares, unrestricted permutation of raw data and 999 permutations. Type III (partial) sums of squares was chosen as the most conservative model in which the order that terms are fitted is not important (Anderson et al., 2008) . Unrestricted permutation of raw data was selected as Site was the only factor (Anderson et al., 2008) .
The effect of environmental parameters on assemblage structure was assessed both between and within sites using distancebased linear models (DISTLM). Prior to DISTLM, correlation matrices were produced in PRIMER 6 to identify co-correlating variables. Where pairs of variables had a Pearson's correlation coefficient of 0.9 or larger, one of the co-correlating variables was excluded in order to remove redundant variables from the analysis, in accordance with the methodology proposed by Anderson et al. (2008) . Initially, DISTLM was run with topographic variables at different grid sizes (1 m, and grid focal means 3, 5, 7 and 15) to assess which spatial scale best explained the assemblage structure observed. The native resolution of 1 m (covering an area of 1 m 2 )
had the highest R 2 value for both the grouped variable and ungrouped variable models and was used for all further analyses. DISTLM was initially performed using grouped variables and then with the environmental variables ungrouped to investigate which individual variables were driving the observed patterns of environmental association with assemblage structure. The groups were determined by data type; depth, topography (curvature, plancurvature, profile-curvature, slope, and aspect: rugosity could not be calculated at native resolution), substratum (backscatter and all substratum types without obvious hydrothermal signatures), substratum hydrothermal (substratum that was hydrothermally altered, had obvious oxide deposits or hydrothermal structures, such as chimneys and mounds), biogenic (dead coral), biogenic hydrothermal (dead mussel shells) and habitat heterogeneity (the standard deviation of each environmental variable). Both the grouped and ungrouped DISTLM tests used selection based on the Akaike Information Criterion (AIC), step-wise selection procedure and 999 permutations. AIC selection was chosen as the method to create the most parsimonious model, as it adds a 'penalty' for increases in the number of the predictor variables (Anderson et al., 2008) .
Step-wise selection was chosen as it allows for both the addition and removal of a term to the model at each step (Anderson et al., 2008) . Distance-based redundancy analysis (dbRDA) plots were used to provide the best possible 2D visualisation of DISTLM 
Results
General seabed characteristics of the study sites
Seabed characteristics derived from multibeam bathymetry indicated that Proteus 1 and the Reference Site are very similar in terms of area, depth and slope, with only minor differences in terms of aspect (Table 2) . Although measures of seabed curvature differed slightly between the two sites, small standard deviations suggested this was unlikely to result in differences in assemblage structure between sites. In general, the multibeam-derived values for seabed characteristics indicated that the two sites were sufficiently similar in terms of depth and topography for the Reference Site to be considered as a potential preservation reference zone, should the benthic assemblages be similar.
Assemblage structure
In total, 42 putative taxa (Table 3) were identified from 153 video samples across the two sites. PERMANOVA results indicated a significant difference in assemblage structure by Site (df ¼ 1,
Cluster analysis, as visualised by MDS, indicated that faunal records from the 15 m video segments of the Reference Site grouped together but within a portion of the cluster of Proteus 1 segments ( Fig. 2A) .
SIMPROF analyses identified 11 assemblages across the two sites, which were visualised by MDS (Fig. 2B) . Six assemblages were only found at Proteus 1 and five assemblages were found at both Proteus 1 and the Reference Site. No assemblages were unique to the Reference Site (Fig. 3) . The mapped spatial distribution of assemblages at Proteus 1 were clustered; assemblages IeV existed in close proximity in a series of four clusters in the northwest, north, east and southeast sectors of the site; assemblages VI e XI also grouped together but were predominantly found in the south, southwest and west (Fig. 3A) . No pattern was apparent for the spatial distribution of assemblages at the Reference Site (Fig. 3B) . Assemblages unique to Proteus 1 were characterised by one to three taxa, whereas assemblages shared between Proteus 1 and the Reference Site were characterised by two to 14 taxa (Table 3) . The assemblages can be broadly grouped into types according to their dominant taxa; corals, crinoids and sponges (VII e IX); corals mixed (X and XI); shrimps (VI); hydrothermal vent fauna (I e III); corals and the urchin Dermechinus horridus (IV and V) ( Table 4) .
Environmental drivers of assemblage structure
There were 34 individual variables available to the models, which were divided into seven groups. The environmental groups included in the best model (R 2 ¼ 0.33, RSS ¼ 2.207 E5) were (in order of decreasing importance) biogenic, biogenic hydrothermal, depth, and substratum hydrothermal (Table 5 ). Using the ungrouped model, the individual variables that were included in the best model (R 2 ¼ 0.33, RSS ¼ 2.218 E5) were (in order of decreasing importance) dead coral, chimney active, dead mussel shells, depth, sediment altered, standard deviation of slope, backscatter, volcaniclastic rock, chimney inactive, and talus oxide (Table 5 ). The importance of individual variables to the model was visualised in the dbRDA plot; vectors were proportional to their contribution to the total variation (Fig. 4) . Interpreting the plot like a compass, the ). The total area of each site was also calculated. *Northness and eastness were calculated as the cosine and sine, respectively, of the aspect values, which are unitless.**Measures of curvature have units of 1/100 (z units). five longest vectors related to dead coral (westward); substrata indicative of hydrothermal activity (northward: chimney active; northwest: talus oxide and sediment altered); depth (southwest) and backscatter (southward). The corals, crinoid and sponge assemblages related most strongly to the dead coral vector; the hydrothermal vent fauna assemblages and the corals and D. horridus assemblages related to the vectors indicative of hydrothermal activity; the shrimp assemblages had the strongest association with depth; multiple assemblages were influenced by backscatter.
Discussion
The video survey at Rumble II West Seamount provided a detailed view of faunal assemblages at the potential mine site Proteus 1 and the Reference Site. These data were at a spatial scale sufficient to compare faunal assemblages between the two sites, consider the suitability of the Reference Site as a protected area, and to provide recommendations on environmental management in the region.
Structure of assemblages shared between Proteus 1 and the Reference Site
Proteus 1 and the Reference Site shared five megafaunal benthic assemblages. These were relatively diverse, and could be broadly split into two types; 1) Corals, crinoids and sponges, and 2) Mixed corals assemblages. In both cases, branching stony coral contributed more than 30% to the assemblage group similarity; these corals were also a significant component of some of the assemblages identified during a previous study at Rumble II West Seamount (Boschen et al., 2015) . Video observations in the present study indicated the branching stony coral matrix provided a platform for other filter-feeding fauna, such as comatulid crinoids, actiniarian anemones, hexactinellid sponges, ascidians, brachiopods and various corals (e.g. antipatharian, schizopathid, primnoid/ isidid). Thus, diverse filter feeding assemblages were established at both Proteus 1 and the Reference Site, with as many as 14 taxa identifiable from video footage (Fig. 5A) . These associations highlight the importance of 'Biogenic' in the DISTLM grouped model and Fig. 2 . Non-metric Multi-dimensional scaling (MDS) plot of 15 m video samples labelled by (A) site (Proteus 1 and Reference) and (B) SIMPROF assemblages (I to XI). In 2B, assemblage symbols are as follows; filled upward pointing triangles: hydrothermal vent fauna; filled squares: corals and Dermechinus; filled downward triangles: shrimps; hollow circles: corals, crinoids and sponges; and hollow diamonds: mixed corals. Filled symbols: assemblages only found at Proteus 1, hollow symbols: assemblages found at both Proteus 1 and the Reference Site. that of 'Dead coral' in explaining variation in assemblage structure in the ungrouped model.
Structure of assemblages unique to Proteus 1
There were six assemblages found only at the prospective mine site, Proteus 1. These could be broadly separated into three types; 1) Shrimps, 2) Hydrothermal vent fauna, and 3) Corals and Dermechinus assemblages. The Shrimps assemblage was dominated by non-vent caridean shrimps; a similar assemblage was found in an earlier study at Rumble II West and Brothers seamounts and was attributed to vent association (Boschen et al., 2015) .
The Hydrothermal vent fauna assemblages (Fig. 5BeD) consisted of bacterial mat, vent shrimps, stalked barnacles, bathymodiolid mussels, and occasionally the urchin D. horridus. Bacterial mat was observed either on the flanks of hydrothermally active mounds or on the sides of active chimneys (Fig. 5B ) and in association with stalked barnacles and bathymodiolid mussels (Fig. 5D) . Members of the alvinocarid/hippolytid vent shrimp category from the present study were also the dominant components of hydrothermal assemblages at Brothers Seamount, 100 km to the northeast of Proteus 1 (Boschen et al., 2015) . There are five vent shrimp species found at seamounts along the Kermadec Volcanic Arc (Ahyong, 2009) ; A. alexander, Alvinocaris longirostris, Alvinocaris niwa, Nautilocaris saintlaurentae and L. wera; all except N. saintlaurentae are endemic to the Kermadec Volcanic Arc. The Vulcanolepas osheai (previously Neolepas osheai) stalked barnacles at Proteus 1 were originally described from Brothers Seamount (Buckeridge, 2000) and appear to be endemic to Brothers and Rumble II West seamounts (Clark and O'Shea, 2001; Rowden et al., 2003; Clark et al., 2010; Beaumont and Rowden, 2011) . Three different species of hydrothermal vent mussels occur at multiple locations at vents along the Kermadec Volcanic Arc; Bathymodiolus manusensis, V. insolatus and G. gladius Marshall, 2003, 2010) ; both V. insolatus and G. gladius are endemic to the New Zealand EEZ. The vent mussels at Proteus 1 could not be identified to species from the video footage but a physical sample collected during the survey indicates they could be an undescribed species (Bruce Marshall, The National Museum of New Zealand Te Papa Tongarewa, personal communication).
The occurrence of hydrothermal vent assemblages explains the importance of 'biogenic hydrothermal' and 'substrata hydrothermal' to the grouped DISTLM model and the contribution of 'dead mussel shells', 'chimney active'2, 'sediment altered', 'chimney inactive' and 'talus oxide' to the ungrouped model. The location of all the vent fauna observed at Proteus 1 and the corresponding hydrothermal areas can be seen in Fig. 6 , with the main areas of hydrothermal activity in the northwest, east and southeast of the site. The significance of 'backscatter' and 'slope' in the DISTLM model probably relates to the occurrence of chimney structures and Dermechinus horridus (100.00) their influence on these seabed properties. Chimneys could also explain the significance of depth in the model; the range in average depth of video segments was 1436e1447 m at Proteus 1 and 1412e1443 m at the Reference Site. That such a small variation in depth would have a significant influence on assemblage structure is surprising, but when chimneys can be 1e10 m high, the presence or absence of chimneys within a video segment could considerably influence the average depth. The corals and Dermechinus assemblages at the Proteus 1 site consisted of either the urchin D. horridus or a combination of D. horridus, branching scleractinian coral, a whip-like coral and bacterial mat. The proximity of coral and Dermechinus assemblages to hydrothermal areas suggests these taxa may benefit from consuming hydrothermal secondary production; non-vent communities in the Manus Basin were found to incorporate ventderived material in their diet (Erickson et al., 2009) . Video observations indicate that the coral and Dermechinus assemblages occur predominantly on inactive chimneys (Figs. 5EeF) and that inactive chimneys supporting these assemblages can occur in close proximity to active vents (Fig. 5B) . Although urchins are not generally considered to be suspension feeders, there is some morphological and in situ evidence that D. horridus is able to feed on suspended matter (Fell, 1976) . By inhabiting tall chimney structures in close proximity to hydrothermal activity, suspension feeding corals and urchins would benefit from increased current flow and food supply; a relationship that is supported by the importance of 'chimney active' and 'chimney inactive' in the ungrouped DISTLM model, although not all inactive chimney structures support corals and Dermechinus assemblages (Fig. 5C ).
Implications for seabed mining and conservation
Although five assemblages were shared between Proteus 1 and the Reference Site, six assemblages were unique to Proteus 1. This means that the Reference Site is not a comprehensive representation of the biodiversity patterns present at Proteus 1, and would therefore probably not on its own be a suitable preservation reference zone for any future proposed mining. However, the occurrence of assemblages shared between the sites indicates that the Reference Site could form part of a network of preservation sites that in combination represent the biological characteristics of Proteus 1. Depending on local current flow, which has not been characterised to date, the close proximity of the Reference Site to Proteus 1 (200 m) could impede its suitability as a preservation reference zone; sedimentation impacts at Solwara 1, a prospective SMS mine site in the Manus Basin, were predicted to extend to 1 km away from mining activity (Coffey Natural Systems, 2008) .
The occurrence of the corals and Dermechinus assemblages provides evidence for the hypothesised third community at SMS deposits; one unique to inactive sulfides. Although the corals and Dermechinus assemblages are not specifically adapted to the geological and microbial conditions of weathering sulfides as previously hypothesised (Van Dover, 2011) , assemblages dominated by large populations of Dermechinus only occur at these inactive SMS areas and so can be considered 'unique'. Although Dermechinus is found at other locations along the Kermadec Volcanic Arc and in the wider region, their occurrence in densities sufficiently large to dominate the assemblage appears to be related to inactive SMS areas, as documented in this study on Rumble II West. The discovery of unique assemblages at inactive SMS areas strongly supports their inclusion within conservation measures, such as preservation reference zones. These assemblages could be particularly at risk from mining activities; they have not been observed elsewhere on seamounts in the region to date, and suspension feeding taxa could be vulnerable to any turbidity plumes created during mining. Recovery of these assemblages after chimney removal is uncertain; once the inactive chimneys are removed suitable habitat may not be available for recolonisation. Equally, video observations indicate that not all chimneys support these assemblages and the distribution of assemblages can differ between sides of chimneys (Figs. 5 B, F) . Hence, there may be differences in the chemical and microbial composition, or food supply Fig. 4 . Distance-based redundancy analysis (dbRDA) plot to visualise DISTLM results in 2-dimensional space for individual environmental variables across the two sites, Proteus 1 and the Reference Site. The coloured symbols represent SIMPROF assemblages (I to XI). Assemblage symbols are as follows; filled upward pointing triangles: hydrothermal vent fauna; filled squares: corals and Dermechinus; filled downward triangles: shrimps; hollow circles: corals, crinoids and sponges; and hollow diamonds: mixed corals. Filled symbols: assemblages only found at Proteus 1; hollow symbols: assemblages found at both Proteus 1 and the Reference site. Vectors length is proportional to their contribution to the total variation (see Table 4 ). due to current flow, that affects chimney colonisation and the distribution of assemblages.
In the event that suitable inactive chimney habitat is available, it could still take centuries to establish mature corals and Dermechinus assemblages. Radiocarbon dating for the stony coral Solenosmilia variablis (the branching coral largely observed in this study), estimated the age of a colony recovered from off Tasmania at a similar depth (1454 m compared to 1437 m, the mean depth of Proteus 1) to have a linear growth rate of 1.25 mm yr À1 (Fallon et al., 2014) . The absence of laser-scaling in the ROV imagery in the present study means that the size of in situ coral matrices cannot be measured accurately, however visual estimates suggest the coral colonies on Proteus 1 inactive chimneys are at least 20 cm high and could therefore be at least 160 years old. A further complication for management is that the different SMS environments at Proteus 1 support different hydrothermal communities; the vent orifices and chimneys are colonised by bacterial mat and occasionally vent shrimps, whilst areas of lower level hydrothermal activity support stalked barnacles and bathymodiolid mussels. The patchy spatial distribution of these vent assemblages, the continuum of hydrothermal activity and the potential for a locally endemic species of bathymodiolid vent mussel makes establishing a single preservation reference zone with the same characteristics of Proteus 1 a challenging task. The diversity of assemblages and SMS environments at Proteus 1 is better suited to a network of preservation reference zones. This finding supports the management recommendations of a regional study (Boschen et al., 2015) , where it was considered necessary to protect a network of areas within and amongst neighbouring seamounts to adequately preserve the assemblages present in areas that could potentially be licenced for SMS mining along the Kermadec Volcanic Arc.
The present and previous studies demonstrate the importance of studies conducted at multiple spatial scales; the regional significance of a potential preservation area can only be determined by a large-scale survey (Boschen et al., 2015) , whilst the complex spatial heterogeneity of habitats and assemblages within an SMS deposit can only be accommodated by a site-scale survey, as detailed in the present study. This site-scale analysis is particularly important given the close proximity of potentially unique assemblages to prospective mine sites. Combining information from sitescale and large-scale regional studies enables more robust recommendations to be made that not only inform site-level decisions made by SMS mining companies and environmental regulators, but also support the establishment of regional environmental management plans for SMS mining. These studies also illustrate the importance for selecting preservation areas based on quantitative data rather than reliance on geophysical proxies.
